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This paper reports on a teaching experiment, conducted in 2003, which aimed at 
enhancing young students’ mental computation performance through incorporating 
research (the researcher’s own and that of others) into classroom practice.  Research 
findings on students’ mental computation performance were presented to two Year 3 
teachers, along with practical ideas (web sites, readings, etc.) to form a foundation for 
a short instructional program.  The researcher supported the teachers in developing the 
program, and the teachers took responsibility for implementing the program.  This 
program was developed by the teachers and the researcher.  Pre- and post-instruction 
individual interviews were conducted to monitor student progress and inform the 
instructional program. 
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While international literature (e.g., Maclellan, 2001; McIntosh, 1998; Reys, Reys, 
Nohda, & Emori, 1995) has argued the importance of including mental computation in 
mathematics curricula that promote number sense, Australia has been slow to pick up 
the challenge.  In particular, in Queensland (a state of Australia) mental computation 
does not feature in the present syllabus (Department of Education, 1987); although it 
will feature in new syllabus that will be mandated in 2007 (QSA, 2003). 
Research in mental computation has identified what students can do, both with 
instruction (Beishuizen, 1999; Blöte, Klein, & Beishuizen, 2000; McIntosh, 2002) and 
without instruction (Cooper, Heirdsfield, & Irons, 1996; Heirdsfield, 2001b).  Instructional 
programs have taken several guises, including teaching specific strategies supported by 
representations/models (e.g., Beishuizen, 1993), embedding problems in contexts (e.g., 
Klein, Beishuizen, & Treffers, 1998), and development of mental computation through 
a strategy approach (e.g., McIntosh, 2002).   
Other research has focused on the identification of supporting skills/understandings; for 
instance, research by Heirdsfield (2001a, 2001b, 2002, 2003) detailed a conceptual 
framework for proficient addition and subtraction mental computation.  While this is 
useful to identify contributing factors for proficient mental computation and form a 
basis for an instructional program, teachers require a great deal of support in developing 
such a program, given the magnitude of research.  Thus, it was the purpose of the 
project reported here, to support two Year 3 teachers to develop an instructional 
program, based on research.  Outcomes of the project were aimed at benefiting teachers 
and students.  The development of the principles of an instructional program designed 
to encourage the development of students’ strategic mental computation was to 
contribute to teacher knowledge about mental computation strategies and teaching 
methods to promote these strategies.  Thus, it was envisaged that students would benefit 
from effective mathematics teaching.  DeCorte, Verschaffel and Greer (1996) endorsed 
the contribution of this type of research: 
..there is a strong need for additional theoretical and empirical work aiming at a better 
understanding and fine-grained analysis of the acquisition processes that this type of learning 
environment[students developing their own strategies] elicits in students.   (p. 537) 
A constructivist approach was taken, where prior knowledge of students was acknowledged 
and students actively constructed knowledge.  Similarly, the constructivist approach to 
teaching acknowledged the teacher’s prior knowledge of mathematics and that teachers would 
actively construct knowledge about the teaching of mental computation.  In addition, support 
for knowledge about mental computation was provided. 
It was also envisaged that the teachers would become co researchers, rather than merely 
“subjects” (Clarke, 1994).  The teachers volunteered for the project, as they saw a need 
for development of mental computation in their classrooms, and they were 
endeavouring to improve classroom practice with respect to mathematics.  Although the 
researcher remained the “expert” in relation to mental computation, the teachers were 
considered the “experts” in their classrooms.   
The instructional program 
Overview and background: The focus of this research was enhancing Year 3 students’ 
mental computation performance through the implementation of an instructional program, in 
which the researcher and the classroom teachers collaboratively planned an instructional 
program.  Year 3 students are approximately 8 years of age.  According to the current 
mathematics syllabus documents (Department of Education, Queensland, 1990, 1991), 
students in Year 2 should be able to solve addition examples involving single-digit and 2-
digit numbers, without regrouping (in written form); and students in Year 3 should be able to 
solve addition and subtraction examples involving 2-digit numbers, with regrouping, and 3-
digit numbers without regrouping (all in written form).  Students are taught written 
algorithms to solve these examples.  Mental computation of multidigit calculations does not 
feature.  In both year levels, students are encouraged to develop number facts strategies to 
help them learn their number facts by recall.  The students in the two classes had been 
introduced to the written algorithms for 2-digit addition and subtraction, with regrouping, and 
3-digit addition and subtraction without regrouping.  With respect to number facts strategies, 
the Year 3 teachers saw no evidence of the students having been taught number facts 
strategies in the previous year (most students counted to solve number facts), so the teachers 
had endeavoured to develop some number facts strategies (e.g., doubles and near doubles, 
through 10).  The students were at varying levels of proficiency with both the written 
algorithms and the number facts strategies.  The students had not been taught any mental 
computation strategies.  
The teachers assumed responsibility for implementing the instructional program.  The 
researcher was a participant observer who acted as a critical friend to the teachers.  
Discussion and reflection among the teachers and researcher resulted in responsive and 
intuitive interaction in the instructional program, through ongoing retrospective analysis, 
consistent with the methodology of Steffe and Thompson (2000).  To track individual student 
learning, and to inform the instructional program, individual pre- and post-instruction mental 
computation interviews were conducted.  The teachers were trained in interview techniques, 
and they administered several of the interviews.  In addition, the teachers were provided with 
teacher-release time for reading, planning, meeting with the researcher, accessing the 
websites and interviewing the students.  In Table 1, the stages of the project are presented. 
Instructional Program: The instructional program was constructivist in nature (Steffe & 
Gale, 1995) and based on students’ prior knowledge of mental computation, identified in the 
pre-instruction interviews.  At the first meeting with the teachers, the researcher provided 
background information for mental computation (project summary, relevant web sites, 
journal articles, the draft syllabus, pre-instruction interview tasks, written explanation of a 
variety of mental strategies). 
Table 1 
Stages of Enhancing Mental Computation Project (2003) 
March Initial meeting – researcher and teachers met to discuss project.  Background 
reading, etc. were provided to familiarise the teachers with the philosophy of 
mental computation.  
May, 
June 
Pre-instruction interviews (videotaped) – informed the teachers of students’ 
base knowledge.   
Planning – researcher and teachers discussed the base knowledge of the 
students and designed the instructional program.  Additional support material 
provided. 
July, 
August 
Implementation of instructional program – 1 lesson per week for 6 weeks 
(videotaped).  Development of mental computation strategies supported by 
models and discussion of students’ strategies.  Discussion between researcher 
and teachers after each lesson.   
Sept Post-instruction interviews (videotaped) conducted.  
Nov Final meeting – discuss students’ growth or otherwise, debriefing. 
The teachers were trained in interview techniques, so that they could administer some of the 
interviews.  The intended outcome was that the teachers would identify the computational 
strategies that some of the students were employing – they would “get a feel” for the 
strategies the students were using.  The remainder of the interviews was conducted by the 
researcher and a research assistant.    
After the pre-instruction interviews, the students’ strategies were documented and presented 
to the teachers.  Then, the teachers designed an instructional program based on students’ base 
knowledge and with the assistance of the researcher.  The literature that had been provided to 
the teachers also served as a background on which to develop the program.  The literature 
mentioned the use of models (100 board and empty number line), and the importance of 
incorporating real world contexts.  While the teachers worked together to develop the 
program, it was implemented slightly differently in the two classes, because of individual 
teacher differences.  The teachers were provided with additional support material for 
developing the instructional program (additional web sites, activities to develop flexibility in 
numeration and the effect of operation on number, and examples illustrating the use of the 
hundred board, 99 board and the empty number line (ENL) as models to support the 
development of mental computation strategies).   
The instructional program was conducted over a six-week period, with students engaging in 
this program once per week for approximately 40 minutes (although, not all students were 
involved in each lesson – students were placed in ability groups for some of these lessons).  
The teachers decided to use two models to support the students’ development of mental 
computation – the hundred board (because it supported a build to 10 strategy for interim 
calculations) and the empty number line (ENL).  In one class, while most students were 
familiar with the ENL, not all students were familiar with the hundred board – finding 
numbers quickly and efficiently, jumping forwards and backwards in ones and tens.  In the 
other class, the students were more familiar with the hundred board, so more work was 
needed with the ENL.  The two strategies which leant themselves to development with the 
ENL and the hundred board were aggregation (e.g., 46+28: 46+20=66, 66+8=74) and 
wholistic compensation (e.g., 46+28: 46+30=76, 76-2=74).  While it was expected that these 
two strategies would be developed by the students, there was also an expectation that students 
would employ any mental strategy they thought useful.  The students were constantly asked 
to share their strategies with the class.  In one class, the students were also encouraged to 
evaluate the strategies, and identify likenesses and differences in the strategies, used by 
individual students.  
Computational examples were presented in both real world contexts and in horizontal number 
expressions.  Students solved examples using their personal hundred board or ENL.  Because 
of the short duration of the project, students relied on models to support computation over the 
period of the program; that is, they did not engage in computation without the aid of external 
models.  Ongoing meetings between the researcher and teachers also informed the 
development of these activities.  These meetings occurred at the end of each videotaped 
lesson.  During these meetings, the researcher provided feedback on the content and 
management of the lesson, and suggested further activities.  The teachers reflected on the 
student outcomes, and discussed ideas for the subsequent lesson with the researcher.  
Discussions often continued among the teachers and researcher during mid morning recess.  
Here, teachers also shared their ideas with each other. 
Data collection and analysis: Data comprised of videotaped observations of students 
engaged in addition and subtraction mental computation tasks (pre- and post-instruction 
interviews), videotaped classroom observations of lessons, teachers’ unit and lesson plans, 
field notes, and ongoing reflection and discussions between the researcher and the teachers.  
The lessons were analysed for sequencing of examples presented by the teacher, and the 
strategies the students discussed and documented.  The pre- and post-instruction interviews 
were analysed for variety of strategies, level of strategies (e.g., low level separation strategies 
– e.g., 46+28: 6+8=14, 4+2=6, 60+14=74; or higher level aggregation or wholistic 
strategies), efficiency of strategies, and accuracy.   
Findings and discussion 
As the teachers were treated as co researchers, they were encouraged to provide 
feedback on the project, student learning, and suggestions for future instructional 
programs. 
What the teachers said: The teachers believed that they had benefited from the 
professional development in several ways.  They felt they had become “better” teachers, 
offering more interesting and engaging lessons to the students, as a result of having to 
plan for the unit and lessons, and being provided with appropriate background readings, 
resources, and feedback form the researcher.  While the teachers were accustomed to 
planning together, and discussing progress of their mathematics programs, the 
additional emphasis of reflection and discussion among the teachers and the researcher 
promoted further reflection on their practice.   
[Researcher’s reflection]:  Originally, the teacher reflections tended to focus on 
superficial aspects of the lesson, for instance, “the lesson was too long”.  However, as 
the teachers became immersed in the program, they started to reflect more on student 
outcomes, and inquired into how better to engage children in learning.   
Both teachers felt that they would have liked to have had more time to read the articles, 
and more time to plan.  They agreed that some web sites were particularly useful, for 
example, a web site produced by the Department of Education and Training (New South 
Wales), which explores the development of mental computation in the classroom, and 
illustrates various mental computation strategies in animations 
(http://www.qtp.nsw.edu.au/qtp/files/vmco/index.html).  The teachers also felt that a 
positive outcome of having to write lesson plans was that they became more aware of 
the sequencing required to develop mental computation strategies; however, they also 
felt that they required more time to develop the sequencing more effectively.   
[Researcher’s reflection]: Additional assistance from the researcher was required to 
develop appropriate sequencing.  Further assistance for making links in the lesson was 
also offered to one of the teachers, as it was perceived that she was not focusing on the 
mathematical intent of the task.  The students were instructed to “jump” on the ENL 
from one number to another (e.g., from 28 to 63).  While they were asked to share and 
verbalise the series of jumps that they made, their attention was never drawn to the total 
of these jumps.  As a result, some students were finding the most “creative” ways of 
getting from one number to another, rather than focusing on the total distance between 
the two numbers, and how best to calculate this.   
The teachers also felt that links between lessons needed more planning.   
[Researcher’s refection]:  As a result, the researcher formulated a “sequence” for 
introducing number combinations for each of the models used (100 board and ENL).  
This “sequence” reflected what students could complete easily (e.g., counting forward 
and backward in tens from multiples of tens – 60 jump on in tens), through more 
difficult jumps (e.g., jumping forwards and backwards in tens and ones – 68 jump back 
25), to examples bridging the tens (e.g., 75 jump back 28). 
The teachers saw the value of encouraging the students to develop their own strategies 
and share these strategies with the class.  “The children need to work it out for 
themselves… They need to talk more.”   
[Researcher’s reflection]:  While “talk more” became a feature in both classrooms, one 
teacher merely focused on asking the students to explain their strategies, while the other 
teacher focussed on the similarities and differences of the strategies.  This led to the 
students in the second class making judgments about the suitability of the strategies.  In 
feedback to the first teacher, the researcher suggested some appropriate questions to be 
incorporated in the lessons to encourage more reflection by the students. 
With an emphasis on process (rather than product), the students appeared to develop 
more confidence in their ability to “do” mathematics, and more competence in using a 
variety of appropriate strategies.  The students employed strategies appropriate to the 
numbers involved.  They also appeared to enjoy mathematics more than before.  This 
was evident in their enthusiasm to solve problems and share strategies.  It was suggested 
that for a future instructional program, an affective pre- and post-survey be administered 
to the students to gauge any increase in enjoyment.  The teachers suggested that the 
students were becoming “more mathematically inclined” and were engaging more in 
mathematics.  They also felt that the students started to see a purpose in more of their 
mathematics; for instance, the students could see a purpose in learning number facts 
strategies, place value concepts, counting in tens, etc.  Not only had the students 
developed a variety of mental strategies, they also recognised there are different 
methods of recording their calculations.   
The teachers were aware that some of the students were still using pen and paper 
algorithms mentally.  However, when the researcher suggested that all reference to the 
pen and paper algorithm be eliminated during any future instructional program, both 
teachers were hesitant as they believed the students still needed to learn the pen and 
paper algorithm, and that most parents would also expect this.   
Apart from the support provided to the teachers in background reading and feedback 
during and after lessons, the teachers appreciated the opportunity to interview some of 
their own students (pre- and posts-instruction individual interviews).  As a result of 
interviewing the students, they became more aware of individual student’s 
understandings and possible short-falls in their own teaching strategies.  In fact, one 
teacher exclaimed (after interviewing a small number of her students), “What have I 
been doing all these years?”  She was referring to the over-emphasis of teaching written 
algorithms, when students rarely used them, and if they did, little understanding was 
exhibited.  Most understanding was exhibited by those students who had developed 
their own efficient strategies.  There was also a gap between what students could do 
with pen and paper (possibly without understanding) and what they could do mentally.  
One teacher was amazed that some students experienced no difficulty completing pages 
of written algorithms in class, but had been unsuccessful in completing examples 
mentally in the interviews.  
Suggestions for a future instructional program included further development of number 
facts strategies, development of number concepts (such as “more” and “less”, counting 
in tens, place value), increasing the variety of representations/resources (e.g., “beyond 
100 board”, multi base arithmetic blocks to develop counting in tens, calculators for 
counting and reading large numbers), and encouraging the students in further 
documentation of their mental strategies, so that this can lead into informal written 
strategies.  One teacher documented students’ strategies on the ENL, while the other 
documented the students’ strategies as written equations.  It would appear that the 
teacher’s documentation as equations would lead students to developing their own 
informal written strategies. 
Student outcomes: Overall, most students (71%) improved in accuracy in mental 
computation.  Fifty-nine percent improved in both accuracy and efficiency of strategy 
choice; that is, they employed higher level strategies (e.g., wholistic).  Most of these students 
who improved already used some mental strategies (evidenced in the pre-instruction 
interviews), but they developed higher level strategies during the instructional program and 
applied them to more examples (evidenced in the post-instruction interviews).  In the post-
instruction interviews, some students attempted to employ new mental strategies, but 
reverted to the pen and paper algorithm (performed mentally) part way through the 
calculation; for example, 246+199: 246+200 and then calculated 246+200 using the pen and 
paper algorithm mentally.  Some students also attempted to use wholistic (a strategy they did 
not/could not use previously), and although incorrect, at least were closer to the correct 
answer than when they employed the pen and paper algorithm mentally. 
All students who were able to employ mental strategies at the beginning of the project 
improved in their use of these strategies and the development of others, but it is not 
certain that the use of the number line and the hundred board were the sole 
contributors to this improvement.  Rather, the validation of alternative strategies in 
class might have been sufficient to encourage these students to use alternative, 
efficient strategies.  For instance, twelve percent of the students developed wholistic 
levelling (e.g., 246+199=245+200), but this was not taught or discussed during 
lessons.  Others developed cumulative sum/difference (e.g., 46+28: 40+20=60, 
60+6=66, 66+8=74).  Again, these strategies were not taught.  Therefore, by merely 
being involved in the program, some students developed efficient mental strategies. 
Summary.  Because of the short duration of this project, students did not engage in 
mental computation without models; therefore, neither the researcher nor the teacher 
expected much improvement when the students were probed in the post-instruction 
interviews, as they were not presented with any models to support their mental 
computation in the interviews.  However, there was improvement both in accuracy and 
employment of higher level mental strategies.  While many students employed more 
efficient mental strategies more often, the success was not completely attributable to the 
use of models/representations, as some strategies that were evident in the interviews 
could not be developed with these models.  It is posited that the validation of alternative 
strategies in class might have been sufficient to encourage the students to use 
alternative, efficient strategies.   
Concluding comments 
This project aimed to go incorporate research on mental computation into the 
development of an instructional program to enhance young children’s mental 
computation.  While it was recognised that the researcher was the “expert” in mental 
computation, it was also recognised that the teachers were the “experts” in the 
classroom.  To aid the teachers in developing an instructional program, they were 
introduced to the literature, trained in interview techniques, and encouraged to reflect on 
the progress of the program.  Their reflections contributed to the data and to planning 
for future lessons and future research.  In effect, the teachers became co researchers.   
Field notes and teacher reflections often prompted the researcher to offer additional 
guidance for the teachers, for instance, in the form of sequencing the presentation of 
number combinations and tasks, making links within and between lessons, and 
incorporating appropriate questions and tasks in the lessons.  At times, the teachers 
exhibited “good practice”, but the researcher had to bring this to the attention of the 
teachers and encourage sharing of their ideas.   
As a result of the research presented to the teachers and the research undertaken by 
them in their classrooms, I believe that these teachers have become more aware of what 
constitutes “good practice”, and what is involved in developing children’s mental 
computation.  As a result of the researcher being present in the classroom and working 
with the teachers in their planning, the researcher became aware of aspects of an 
instructional program that might not be so obvious to a teacher.  These aspects are being 
incorporated in another teaching experiment being conducted this year. 
The teachers saw the project as a very beneficial professional development program, in 
which it was important to provide teacher-release time for access to the literature, 
websites, etc., discussion and planning, pre- and post-instruction interviews, and 
reflection on the progress of the project.  Without this release, the teachers felt they 
would not have been able to spend the time that they did in the project, and they would 
not have achieved as much as they did.  Both teachers have readily volunteered for 
participation in another project in 2004.  They hope to gain further knowledge about 
students’ mathematical learning.   
The teachers gained insight into effective teaching of mental computation, as a result of 
incorporating ideas from the literature and from the researcher, and from reflecting on 
their own practice.  Also, the researcher gained insight into what actually works in a real 
classroom, and what guidance teachers might require.  As a result of the researcher’s 
interaction in the classroom, a suggested “sequence” for the introduction of number 
combinations was formulated, aspects that need focus were identified, and practical 
ideas from the teachers were noted. 
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